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Abstract 
 
While new buildings should be designed as intelligent low or zero-energy buildings, refurbishment of the existing building stock 
may present even a greater challenge, when in particular financing of the necessary investments to energy saving measures poses 
the biggest barrier. As the residential sector in the EU is responsible for about 40% of the total energy consumption and up to  40 
% of the total carbon dioxide emissions, the residential building stock offers high potential for energy savings. By applying the 
life cycle assessment, it is possible to optimise the social, economic and environmental aspects, starting from the extraction of 
raw materials, up to the final disposal of waste materials.A case study of a selected representative residential building located in 
Slovakia is presented, for which the cost-optimal levels of energy performance are determined in terms of life-cycle costs of the 
building. Three variants of renovation were defined, each variant having different level of thermal insulation of building 
constructions. The method of Life-Cycle Costs was used to evaluate the economic feasibility of the suggested renovation 
scenarios for the apartment house. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction 
 
In order to reduce the growing energy expenditure of the construction sector, the Directive on the Energy 
Performance of Buildings[1] imposes the adoption of measures to improve the energy efficiency in buildings. The 
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European Union (EU) provides its Member States (MSs) with a long-term framework for dealing with the issue of 
sustainability and reduction of energy consumption to gain the buildings with almost zero energy consumption. The 
European Commission  recently  proposed  the  Europe  2020  flagship  initiative  for reaching resources  efficiency 
in Europe and within this framework it is now putting forward a series of longterm policy plans in areas such as 
transport, energy and  climate change. 
The reduction of energy consumption is to a large extent associated with the renovation of the old housing stock. 
Although the housing stock in Slovakia belongs to youngest in Europe, the residential buildings built by mass forms 
of construction have been in use for several decades and the limitations associated with the excess of the planned 
lifetime of the building structures and services are becoming apparent. Economic efficiency of the renovation of a 
residential building can be assessed by using multiple criteria and life cycle cost analysis of the building. 
Despite the retrofit of existing buildings offers so high potential in terms of savings, there are many barriers that 
effects the taking up of retrofit measures and why are often rejected or only partially realized. The main  categories of 
barriers deal with financial factors, separation of expenditure and benefit, institutional and administrative factors, 
awareness, information and technical expertise [2]: 
x Financial barriers - high initial investment costs (refurbishment is spread over a long time period) 
- another investment priorities / investors don’t consider non-core investment that do not 
pay for themselves within 3-5 years 
- lack of funds and inability to secure finance on acceptable terms 
x Barriers related with technical issues - conditions are more straightforward, strong demand for new low 
energy renovations - shortages of materials and systems components 
- lack of full-formed human resources 
- tendering procedures take particular account of the lowest price 
- lack of quality control of the work performed 
x Institutional and administrative barriers- mixed ownership of the buildings (residential, non-residential) 
 
 
2. Life-cycle assessment of the building (LCA methodology) 
 
Is used to assess the environmental impacts of a building through its life cycle (LC); from the extraction of raw 
materials, through the processing, use and disposal. LCA methodology is based on the International standards of 
series (ISO) 14040. 
 
2.1 Main life cycle phases of building 
 
The LC of a building consists of several phases, following each other. Their number is variable, and always 
depends on the type of project, its size, requirements, etc. 
Main life cycle phases of building [3]: 
x planning - plan (study), preparation of project, 
x construction - implementation of the project (final approval), 
x utilization - operation, maintenance, renovation, 
x end of life - disposal, recycling. 
 
2.2 Variants of LCA 
 
According to the different phases, which are taken into account, different variants of LCA methods are: 
Nomenclature 
 
CO investments to saving measures (EUR) 
O operation costs (EUR) 
M&R costs of repairs and maintenance (EUR) 
CL demolition costs 
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¾ Cradle-to-grave - full LCA from manufacture to use phase and disposal phase. 
¾ Cradle-to-gate- assessment of a partial product LC from manufacture, to the factory gate 
¾ Cradle-to-Cradle/Closed Loop production - specific kind of assessment, end-of-life step is a recycling process. 
¾ Gate-to-gate - partial LCA-examines one value (process) in the entire production chain 
¾ Well-to-wheel - specific LCA used for transport fuels and vehicles, used to assess total energy consumption. 
 
3. Life-cycle costs of the building (LCC) 
 
Cost optimal level refers to the energy performance that leads to the lowest costs during the estimate economic 
LC[2]. Correct calculation of the costs of the respective items is crucial in order to obtain reliable results of the 
global cost during the whole LC. The purpose of a LCCA is to estimate the overall costs of project alternatives and to 
select the design that ensures the facility will provide lowest overall cost consistent with its quality and function. 
Following the Commission delegated regulation (EU) No 244/2012, the formula for calculating global LCC is: 
 
LCC = CO + O + M&R + CL (EUR) (1) 
 
where LCC is the present value of the total life cycle costs, Co are investments, O are operation costs, M&R are 
maintenance and reparation costs and CL are demolition costs. From an economic perspective, the period of 
operation(use) of the building is the most demanding, when it constitutes ¾ of the total cost during the life of the 
building. 
 
4. Retrofittingof existing residential building in terms of LCC 
 
An enormous unrealised energy-saving potential lies dormant in buildings. The methodologyof complex renovation 
of residential building includes improvements to the building envelope, analysis of the potential energy savings of 
increasing the efficiency of the heating system, domestic hot water system and of installing systems with renewable 
energy sources (e.g. photovoltaic cells, solar panels, wind turbines, geothermal heat pumps, biomass energy, etc.). 
Energy saving measures deal primarily with the reduction of heat transmission and improved air tightness of the 
building envelope with the intention of reducing transmission losses and losses from air-exchange. This includes [4]: 
 
 
Fig. 1 Energy saving measures for residential building renovation 
 
The aim of LCC calculation is to assess whether the suggested measures are cost-effective improvementof the 
energy performance of the building and their impact on LCC of the building. For a comprehensive assessment it is 
necessary to choose a reference building (or more buildings) and evaluate it in terms of overall costs during the life 
cycle, as suggested by Becchio et al.[5].The residential building chosen is a typical representative of the old building 
stock in Slovakia consisting mainly of buildings made from prefabricated ferroconcrete panels. It was built in 1978, 
Energy saving measures 
Measures in building 
construction 
- additional thermal insulation of 
facade, roof, floor 
- replacement of original windows 
for new with high efficient glazing 
- measures to reduce the effects of 
thermal bridges 
- measures to ensure air-tightness 
Measures in heating 
- insulation of the distribution pipes, 
- hydraulic balance of the heating system 
after renovation, 
- automatic control system and night 
temperature setback, 
- replacement of the original pump by a 
pump with integrated frequency 
converter. 
Measures in domestic hot 
water 
- insulation of the distribution 
pipes, 
- replacement of original 
pumps by circulation pumps 
with integrated frequency 
converter. 
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has 13 above ground floors, no basement and 48 dwelling units. The building inspection showed that physical 
condition of the residential building was not satisfying and it requires and energy efficient renovation. 
 
4.1 Variants of building constructions renovation 
 
Three variants of renovation (see Table 1) have been defined, each variant having different level of thermal 
protection of building constructions, based on the requirements on thermal protection as defined in the Slovak 
standards [6]. External walls are insulated with a contact insulation system made of expanded polystyrene to the 
height of 22,4m (8th floor) and of mineral wool (9th - 13th floor). The roof is insulated with expanded polystyrene. 
 
 
Fig. 2 The view of the residential building in original condition and after renovation 
 
 Table 1. Variants of renovation of building constructions  
Variants of renovation of Thickness of insulation (cm) Satisfy the U-value requirements 
 
building constructions Facade Roof actual from year 
Variant no.1(V1) 8 14 2012 
Variant no.2(V2) 14 30 2016 
Variant no.3(V3) 20 30 2021 
 
4.2 Total costs during the life cycle of the building 
 
The period of 30 years from implementation of the renovation was considered, that is predicted  economic lifetime 
of measures on the building envelope. Demolition costs were not considered, we assumed to be the same for all 
variants. The cost of debt service was not considered; the highest debt service cost would be for the highest loan from 
the bank (V3). 
 
The calculation includes the following costs: 
• Investments to energy saving measures - costs associated with the renovation (costs of material and installation) 
• Operation costs for heating -depends on heat demand for heating of RB in original condition, after renovation 
• Costs of repairs of the residential building - regular repairs of facade, roof, windows, based on the expected 
failure. 
 
The results of the calculation of the LCC of the building are shown in Figure 3. While the initial costs are highest 
for the V3 with the highest level of insulation, the highest costs after 30 years are for the original condition of the 
building, which is mainly in consequence of high operation costs and also costs of repairs. By contrast, V3 with the 
highest initial investment ultimately leads to the lowest costs during the whole life cycle of the building. The costs 
during the 30-year life cycle of the building and evaluation of the respective variants in ascending order from the 
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lowest cost to the highest is in Table 2. 
 
Table 2. Total costs during the 30-year life cycle of the building 
 
Criteria for the evaluation Original condition V1 (currently in force) V2 (since 2016) V3  (since 2021) 
Investments (EUR) 0 415 360 466 076 507 524 
Costs of repairs (EUR) 96 900 16 300 16 300 16 300 
Operation costs for heating(EUR) 2 244 734 560 885 438 694 386 679 
Total life cycle costs (EUR) 2 341 634 992 545 921 070 910 503 
Rank by the lowest LC costs 4 3 2 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Time-course of total costs during the 30 years for the residential building in original condition and for the three variants of renovation 
 
Cumulative cash flow 
From calculation of financial analysis, as the most preferable solution from the pay-back time point of view came 
out the one, where 80% of the total cost is financed through a loan from the State Housing Development Fund 
(SHDF). Distribution of financial resources for the most preferable solution is in Table 3. The graph in Fig.4a shows 
the cumulative cash flow during the 30 years. Although in this case the cash flow seems to be very favourable, it 
should be taken into consideration that a significant proportion of apartment buildings are not able to obtain a loan 
under such conditions. Thus, in the reality the return of investments is likely to be longer than in most preferable 
case shown in the Fig.4a. On the other hand, as the least preferable solution came out the one, when most from 
investment is financed through a loan from the bank and only a small part is financed by own capital(Tab.4,Fig. 4b). 
 
Table 3. Distribution of financial resources for the most preferable solution 
 
Financial resources Share of the total costs (%) Investments (EUR) Interest rate (%) Term (years) 
Loan from the Fund (SHDF) 80 332 000 1 30 
Loan from the Bank 13 55 000 5.7 10 
Own capital 7 28 360 - - 
 
Table 4. Distribution of financial resources for the least preferable solution 
 
Financial resources Share of the total costs (%) Investments (EUR) Interest rate (%) Term (years) 
Loan from the Bank 93 387 000 5,7 10 
Own capital 7 28 360 - - 
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Fig. 4Graphical representation of the cumulative cash flow a) most preferable solution b) least preferable solution 
 
5. Conclusions 
 
The aim of renovation is to remove existing weaknesses, reduce energy consumption and increase the overall 
quality of housing. The analysis showed a potential of energy consumption reduction of more than 50 % by 
implementing the energy saving measures. In terms of calculations for the period of 30 years, we came to the 
conclusion that most convenient variant of renovation is the Variant no. 3. However, some of the costs were not 
considered in the LCC analysis; mainly the costs of the debt service could significantly influence the profitability of 
the respective renovation variants. The cash-flow analysis has shown that the payback time can vary greatly  based 
on the financial sources; the best results were obtained providing that subsidies from the Government are available. 
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